We present the methodology used for estimating forecasts for the number of road traffic fatalities in 2011-2020 in Cambodia based on observed developments in Cambodian road traffic fatalities and motor vehicle ownership in the years 1995-2009. Using the latent risk time series model baseline forecasts for the fatality risk were estimated for the years 2010-2020. These baseline forecasts were then used to obtain estimates for the future number of fatalities based on three scenarios for the future Cambodian growth in motor vehicle ownership: a low, a middle, and a high growth scenario. The middle growth scenario results in an expected death toll of approximately 3,200 in 2020. In 2010, it was therefore decided in Cambodia to set the target at a 50% reduction of this number or 1,600 fatalities in 2020. If it is possible to achieve this target by taking additional actions to improve road safety, then a total of 7,350 lives could be saved in Cambodia over the whole 2011-2020 period.
Introduction
Road crashes and their consequences are a growing worldwide problem. This has been well documented in a number of WHO reports. The Global Status Report on road safety [1] states that in 2010 1.24 million deaths were on world's roads. Death rates (road traffic deaths per 100,000 population) in middle-and low-income countries are twice (or more) the rate in high-income countries. The death rates per registered motorized vehicles differ even more. Projections in previous WHO reports [2] showed that road traffic deaths will increase on average by over 80% in low-income and middle-income countries in 2020 compared to 1990. As low-and middleincome countries account for 90% of the world's road deaths, a reduction of 30% of road deaths in high-income countries is unlikely to result in a net decrease in global road fatalities. According to another prediction of the World Bank [3] South Asia will witness the largest growth in road traffic deaths between 2000 and 2020, with a dramatic increase of 144%.
Cambodia is one of these South Asian countries with a current population of approximately 15 million inhabitants. Its population is growing rapidly as does the number of motor vehicles and road traffic deaths. Fatalities grew from 91 in 1995 to 824 in 2003. This problem has been brought to the attention in the first National Road Safety Action Plan (NRSAP) (2006) (2007) (2008) (2009) (2010) of 2004 [4] . In this plan targets were set for the fatality rates in 2010 and in 2020 as agreed between all ASEAN countries (Association of South East Asian Nations). These targets are not more than 7 fatalities per 10,000 vehicles by 2010 and not more than 2 fatalities per 10,000 vehicles by 2020 [5] . The target for 2010 turned out to be far too ambitious (see Table 1 ).
In 2010, a new road safety target for 2011-2020 was proposed by the road safety stakeholders in Cambodia. In the same period the Organization for Economic Cooperation and Development/International Transport Forum (OECD/ITF) had initiated a project that was to provide support for the improvement of the road crash data registration in Cambodia and for the use of these data in developing an effective road safety policy. Many reports of road safety experts and committees have explored the requirements for effectively managing a road safety programme (e.g., OECD/ITF [6] and OECD [7] ). Apart from a vision and targets effective implementation of strategies and actions are necessary, supported through a positive political environment and synergies with other related policy areas [6] . So target setting is a necessary but not sufficient condition for effective road safety management. The effects of quantified targets on fatality reductions have been researched several times [8] [9] [10] [11] . The overall results suggest that target setting is associated with a substantial positive effect on the trend in road fatalities during the period in which the targets were in effect. The studies included only high-income countries. The interactions among possible influential factors like the presence of detailed road safety programmes, long-term commitments, and expenditures on these programmes were not taken into consideration but may have contributed to the effect [10] . Notably these confounding factors may differ between high-and low-income countries and deserve further exploration. Nevertheless the setting of a quantified target was considered to be a key element and starting point for developing effective road safety management in Cambodia. To prevent setting too ambitious targets, it was decided to underpin the target with a baseline forecast of the fatalities in the target year. In the framework of this project, a road safety forecast for the number of road fatalities in 2011-2020 was also developed.
In this paper, we discuss the methodology used to estimate these forecasts and present the resulting expected number of fatalities as well as the new Cambodian national target that was set for 2020 based on these forecasts.
Background
The target for 2020 in the previous Cambodian NRSAP (2004) was set at 2 fatalities per 10,000 motor vehicles. Compared to the actual fatality rate of 18.4 per 10,000 motor vehicles in 2003, this implies a reduction of 89%, a very ambitious target; see Table 1 . However, we should consider not only the fatality rate but also the absolute number of fatalities. The future number of fatalities will depend on changes in the use and modes of transportation, in particular the number of motorized vehicles. In Cambodia motorized vehicles are mainly motorbikes. If the number of motorized vehicles would remain at the same level as in 2003 the number of fatalities should also decrease by 89%, that is, from 824 to 91 fatalities, in order to meet the target of 2 fatalities per 10,000 motor vehicles in 2020. However, considering the continuous increase in the number of vehicles since 2003, the number of vehicles is expected to be much higher in 2020 than in 2003. If this number will be ten times as large as in 2003 (i.e., 4.47 million motorized vehicles), for example, then a target of 2 fatalities per 10,000 motor vehicles would approximately correspond to 895 fatalities in 2020, which is even a modest increase compared to the 814 fatalities in 2003. This example illustrates that it might be easier to understand a target formulated in terms of a reduction in the absolute number of fatalities and also that future changes in motorization should be explicitly taken into account when setting this target. As a result a new road safety target was proposed in terms of a percentage reduction of the baseline forecast for the number of fatalities in 2020, that is, their projected number without additional road safety measures (in other words based on a "business as usual" scenario).
In the past various methods have been developed to obtain forecasts of fatalities in the absence of additional road safety measures [12] . In theory forecasts should involve causal factors that contribute to the incidence of crashes [13] . However, this requires a detailed and quantitative knowledge of these causal factors and that knowledge is still lacking. Even if knowledge about these causal factors would be available, however, they still would all have to be forecasted too in order to predict the future number of fatalities. For this reason, it is common to extrapolate the historical time trend in the number of fatalities.
About one crucial causal factor of the incidence of road crashes, however, data is available for Cambodia. This is the annual number of motorized vehicles which can be considered as a proxy for the exposure to risk in Cambodia. The number of fatalities is often defined as the product of two factors: the number of fatalities divided by the number of motorized vehicles (which is a measure of the fatality risk or rate) and the number of motorized vehicles (which is a measure of the exposure to risk).
Generally, fatality rates can also be based on the size of the population or on the number of kilometres travelled in a country as a denominator. However, the size of the population would not be a good proxy for the exposure to risk in Cambodia since the recent development of the vehicle fleet in Cambodia is probably a better approximation of this exposure. Moreover, the size of the vehicle fleet was also used as denominator for the fatality rate in the previous Cambodia NRSAP of 2004. Travel volume data might have been an even better proxy for exposure but these are not available in Cambodia.
Different types of models have been used for the extrapolation of time trends in fatality rates, ranging from deterministic models such as classic linear regression models (e.g., [14] ), log-linear regression models (e.g., [14, 15] ), and logistic and exponential models [16] to more advanced stochastic models like ARIMA models (e.g., [17] ), the DRAG model [18] , and structural time series models (e.g., [19] [20] [21] ). Deterministic models are not well-equipped to handle the dependencies inherently present in time series observations, while stochastic models are. This is especially important when it comes to the proper use of statistical tests and to the construction of appropriate confidence limits; see Commandeur et al. [22] for details. In order to obtain forecasts of the fatality risk in 2011-2020 in Cambodia it was decided to apply a dedicated structural time series model allowing for the simultaneous analysis of fatalities and motor vehicle data called the latent risk time series model [19] .
In some countries forecasts for the number of motor vehicles are based on studies performed by transport researchers. In Cambodia, however, no such studies have been done so far and the expected number of motor vehicles in 2020 was therefore obtained by consulting national experts with the results presented in Section 4.2.
Generally, developments in casualty risks (i.e., rates) tend to be more stable than the separate developments in the number of casualties and in the number of motor vehicles (or other proxies for the exposure in a country) from which the casualty risk is derived (i.e., as the ratio of the two). In combination with good forecasts for the number of motor vehicles or with growth scenarios for the number of motor vehicles this leads to a preference for forecasting risks rather than casualties.
In recent studies the projected time trend is sometimes modified. Using an approach based on extrapolation, one assumes past time trends to continue into the future. Implicitly, it is assumed that future road safety policy will result in a further continuation of past baseline trends. In reality, future trends will differ from those in the past as a result of changes in road safety policy, changes in the effectiveness of policy, and other factors. To a certain extent these changes are known or can be estimated, and therefore the baseline forecast can be "corrected" for these changes. Such an approach was, for example, followed by Broughton and Knowles [15] , Corben et al. [23] , and Weijermars and Wesemann [12] .
However, in Cambodia little quantitative data and knowledge are available on (the effect of) previous and current road safety measures, so it was not possible to correct the future trend.
Methodology

Approach and Data.
A baseline forecast of the number of fatalities per 1,000 motor vehicles in 2020 was made by extrapolation of the historical trend in the fatality risk. This baseline forecast was made assuming that no additional countermeasures would be implemented in Cambodia "business as usual." Complementary to these latter forecasts, forecasts based on three growth scenarios for the number of motor vehicles in 2020 were provided by consulting local experts. The number of fatalities in 2020 was obtained by multiplication of the outcomes of these two forecasts.
In 2010 fatality data and data on the number of registered motor vehicles (mainly motorbikes) were available for the period 1995-2009; see Table 1 and Figure 1 .
The data on fatalities 1995-2009 were obtained from the Road Crash and Victim Information System. These data are collected by the police and also by hospitals. The system was run in 2010 by the Ministry of Interior, Ministry of Health, and Ministry of Public Works and Transport in cooperation with Handicap International. The registration of motor vehicles is performed and maintained by the Ministry of Public Works and Transport. It is hard to assess the quality of these data. As always, one should be prepared for missing and/or incorrect data.
Forecasting Methodology.
The number of fatalities and the best available exposure indicator for Cambodia in Table 1 and Figure 1 were analysed simultaneously with the bivariate latent risk time series model of Bijleveld et al. [19] ; see also Durbin and Koopman [24, Section 3.3.3] . For further details of the methodology used in this paper we refer to Appendix A and the just mentioned references.
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In Dupont et al. [21] this model was applied for the forecasting of the annual fatality numbers in 30 European countries. The model is based on the assumption that the amount of exposure and the number of fatalities are intrinsically related. It captures the dynamic evolution in the fatalities as the product of the dynamic evolution in two latent trends: the trend in the fatality risk and the trend in the exposure to that risk. The latter two trends are specified as local linear trends; see Harvey [25] , Commandeur and Koopman [26] , and Durbin and Koopman [24] for details. Another assumption of the latent risk time series model is that both the registered number of fatalities and the registered number of motor vehicles are contaminated with measurement error (which they almost certainly are).
The optimally modelled trends (see Appendix B for the estimated model parameters) were next projected into the future, thus yielding forecasts and confidence intervals for the fatality risk expressed as a function of the number of fatalities per 1,000 motor vehicles for the years 2010-2020. These are the baseline forecasts, that is, how we would expect the historical risk trend to evolve according to a "business as usual" scenario. The forecasted values of fatality risk for the years 2010-2020 were then multiplied by the expected number of motor vehicles in this same period to obtain the estimated number of fatalities. The expectations of the growth in the number of motor vehicles were based on estimates provided by national experts. In some countries the quantified effects of single road safety measures are known from previous studies; this allows one to estimate the effect of the introduction of a single new safety measure or even of a complete road safety programme consisting of several new road safety measures simultaneously. It thus becomes possible to adapt the baseline forecast for the expected effect of new safety measures or to perform an ex-ante evaluation as presented in Siegrist [27] and applied in Weijermars and Wesemann [12] . However, in Cambodia, it was not feasible to make such adaptations to the baseline forecast because the relevant data are unavailable.
Results
Fatality Risk.
The latent risk time series model yielded forecasts for the number of fatalities per 1,000 motor vehicles (the fatality risks) that are given in Table 2 , including their 68% confidence limits.
Motor Vehicles.
When invited to estimate the growth of the number of motor vehicles in Cambodia for the years 2010-2020, national experts foresaw the three possible scenarios shown in Table 3 . The first growth scenario for the number of motor vehicles in 2020 is a low estimate of 1,391,656 in 2009 (see Table 1) 
Fatalities.
The forecasted values of the fatality risk for the years 2010-2020 in Table 2 were multiplied by the expected number of motor vehicles in this same period in Table 3 in order to obtain the expected number of fatalities. This was done for each of the three vehicle growth scenarios. For example, the expected number of fatalities in 2020 for the low vehicle growth scenario is (0.59237)(4391.656) = 2,602 (with a lower bound of (0.01120)(4391.656) = 49 fatalities and an upper bound of (1.771461)(4391.656) = 7,780 fatalities); for the middle and high vehicle growth scenarios it is (0.59237)(5391.656) = 3,193 and (0.59237)(6391.656) = 3,786, respectively. The complete results of the fatality forecasts for the years 2010-2020 according to the three vehicle growth scenarios are given in Tables 4, 5 , and 6 and plotted in Figures 2, 3 , and 4, respectively. It may be noted that the uncertainty, as indicated by the confidence limits, surrounding the forecasts in Figures 2, 3 , and 4 becomes larger and larger as the forecasts are for time points further and further into the future. This is as one would expect on intuitive grounds. 
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Target Setting
During the preparations of the target setting for 2011-2020 it was decided to use the middle vehicle growth scenario in Table 5 and Figure 3 as a starting point and to consider the corresponding forecasts as the number of fatalities to be expected if no additional efforts would be made to improve road safety in Cambodia.
The baseline forecast of the number of fatalities without additional actions was thus estimated to be 3,194 or 3,200 fatalities (rounded) in 2020. The new target was set to reduce this number by taking additional actions with 50% to 1,600 fatalities; this decision was made in a "top down" way mainly based on political arguments and because a "bottom up" approach (i.e., based on an ex-ante evaluation of new policy) was not feasible. This reduction of 50% is some 200 fatalities less than the 1,816 fatalities observed in 2010 which was the year of setting the target in 2020. So in the systematics of the Decade of Action one would speak of a target of minus 11%, being the fatality reduction in 2020 compared with the reference year 2010. For each of the 10 years up to and Percentage reduction  5%  10%  15%  20%  25%  30%  35%  40%  45%  50%  Absolute reduction  95  197  308  431  572  735  921  1128  1355  1597  Total including 2020 an interim objective was set of an additional reduction of approximately 5% per year, ending up with a 50% reduction in 2020. If the additional actions turn out to be effective, over the whole period of 2011-2020, a total of 7,350 fatalities will be saved in comparison with the baseline forecast of 3,200 fatalities for 2020, as indicated in Figure 5 and Table 7 .
Discussion and Conclusions
We have shown how forecasts for the expected number of road traffic fatalities in 2020 were obtained for the National Road Safety Target 2011-2020; we did the most with data and knowledge available in Cambodia, including a quantification of the large uncertainty surrounding these forecasts. multiplying these forecasts of the fatality risk by the three growth scenarios for the number of motor vehicles.
It was decided to use the forecasts corresponding to the middle growth scenario as the baseline forecast for what to expect in 2020 without any additional efforts: approximately 3,200 fatalities. This forecast is embedded in various uncertainties: the data quality, the lack of data concerning past and future road safety measures, and hence the assumptions that had to be made on transport and traffic safety policy (business as usual). Still from the viewpoint of decision makers the forecast reduced the uncertainties that they were facing anyhow when preparing a target for 2020. Based on our experiences in Cambodia, we suggest that other low-income countries in the South East Asian region would benefit as well from this type of fatality forecasting. Sound data on fatalities and travelling or vehicle fleet are a prerequisite. It was further decided in a "top down" way to set the target in 2020 at 50% of this number or 1,600 fatalities. If, moreover, this 50% reduction due to additional efforts is achieved by a reduction of approximately 5% every year, then it is expected that a total of 3,750 lives could be saved in the whole period of 2011-2020. It may be noted that this annual reduction of Journal of Advanced Transportation 7 approximately 5% is somewhat higher than the ambition level of 4.5% reduction discussed in Sze et al. [28] who found a lower likelihood of target success for ambition levels set higher than 4.5% in more developed countries.
It is intended to monitor annually the implementation and effects of the new NRSAP, 2011-2020; the intermediate annual outcomes can be used to expand the efforts of the programme or for adjustments of the target. This information is also valuable to explore the impact on fatalities, not only of target setting but also of confounding factors like the presence of detailed road safety programmes, long-term commitments, and expenditures on these programmes. Previous studies into the effects of quantified target setting included only high-income countries and notably these confounding factors may differ between high-and low-income countries like Cambodia.
Appendix
A. The Latent Risk Time Series Model
The methodology used in this paper is based on the state space methodology discussed in Durbin and Koopman [24] , Commandeur and Koopman [26] , and Bijleveld et al. [19] . The methodology discussed in the just mentioned references is well able to handle the dependencies usually observed in time series data and can easily be extended to the analysis of multivariate time series data. is × selection matrix with < . Although matrix can be specified freely, it is often composed of a selection from the columns of the identity matrix .
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